ABSTRACT. Distinct glycoconjugate expression between dome enterocytes and villus enterocytes in ileum from twelve 3-week-old conventional pigs was examined by the use of twenty one biotinylated lectins with avidin-biotin-peroxidase complex method.
buffered 10% formalin. After fixation overnight, tissues were processed in paraffin, sectioned at 5 µm, and mounted on glass slides.
Tissue sections were stained for lectin binding sites using modification of the avidin-biotin-peroxidase complex (ABC) method [4, 10] . Twenty one lectins were used in this study (Table 1) . Following all procedures were performed at room temperature. Serial (5 µm) sections were deparaffinized in xylene, hydrated through a graded series of alcohols to straight distilled water. Endogenous peroxidase was quenched with absolute methanol containing 0.3% hydrogen peroxide for 15 min. Each section was treated for 1 hr at room temperature with one of 21 biotinylated lectins (Vector Laboratories, Burlingame, CA., U.S.A.) at a concentration of 10 µg/ml in phosphate buffered saline (PBS, pH 7.2). The sections were washed three times with PBS and incubated for 1 hr with an avidin-biotin-peroxidase mixture (Vector Laboratories, Burlingame, CA., U.S.A.). The sections were washed three times in PBS, and the final reaction product was produced by immersing the sections in a solution of 0.01% hydrogen peroxide and 0.05% 3,3'-diaminobenzidine tetrahydrochloride (DAB) in PBS for 15 min. The sections were lightly counterstained with Mayer's hematoxylin, dehydrated through graded concentrations of ethanol and xylene, and mounted. Control tissues were processed without lectin.
No enteric pathogens (Escherichia coli and Clostridium perfringens type C) was isolated from the small intestine of any of the pigs used in this study. Immunofluorescent test for transmissible gastroenteritis virus and rotavirus was negative in the small intestine of any of the pigs.
At the lectin concentration used, labeling was specific and reproducible; non-specific background staining was minimal or absent. Lectin histochemical characteristics of dome enterocyte, villus enterocytes of ileum from pigs are summarized in Table 2 . Heterogeneity of stainability in one cell type was observed even in one section, that is, Penetration of the epithelium barrier of the gastrointestinal tracts by microorganisms is an important step in the initiation of secretory immune response and in the pathogenesis of enteric viral and bacterial infection. Dome enterocyte between the ordinary villi covering Peyer's patches provided a route for uptake of microorganisms or macromolecules from intestinal lumen through the mucosal barrier [3, 5, 6, 14] . The dome enterocytes of the ileal Peyer's patches are similar in most species. Goblet cells are few, and only one type of specialized cell, the membranous (M) cells, has been recognized, distributed at random among absorptive enterocytes [13, 16] . These M cells play a critical role in the mucosal immune response and provide a portal for entry of some pathogenic bacteria and viruses [3, 12, 16] .
Lectins, glycoproteins of plant or animal origin, have the ability to bind specific carbohydrate residues of cell glycoconjugates, particularly in terminal positions [9] and powerful tool to characterize epithelial cell glycoconjugates without biochemical analysis [8] . Also, lectins are applied to formalin-fixed tissue with histochemical technique [4, 7] . The distribution and characteristics of glycoconjugates on the dome epithelial surfaces of Peyer's patches have been studied using lectins in several animal species [7, 11] . However, lectin binding pattern have not been studied in dome epithelial surface of gut-associated lymphoid tissue in pigs. Therefore, the present study was designed to characterize and compare the glycoconjugate composition in the dome epithelial surface of ileal Peyer's patches and villus epithelial surface to uncover differences that would account for their varying functions in the pigs using lectin as probe.
Twelve 3-week-old conventional Landrace-Large White cross-bred pigs were selected from a minimal disease herd. Pigs were euthanatized, using electrocution and intestinal samples were obtained from cranial, middle, and caudal portion of ileum. Then samples were infused with neutral some cells were positive but others were negative, and some cells were strongly or weakly positive.
The lectin binding patterns of the first group were consistent. All lectins (BSL I, DBA, SBA, RCA I, SJA, and VVA) showed more intense staining in the brush borders of villus enterocytes than in the surface of dome enterocyte. The surface of dome enterocyte showed a faint focal staining, whereas the brush border of villus enterocyte showed moderate diffuse staining (Fig. 1) . In the lectins of the second group, BSL II, STL, and LEL (Fig. 2) exhibited a intense diffuse labeling in the brush borders of villus enterocyte. In contrast, these three lectins bound to faintly surface of dome enterocyte in the ileum. DSL, WGA and s-WGA had moderate reactivity for both the brush borders of villus enterocyte and the surface of dome enterocyte. All lectins in the third group showed same reactivity for the brush borders of villus enterocyte and the surface of dome enterocyte. PNA, Jacalin, and ECL exhibited a intense diffuse staining for the brush borders of villus enterocyte and the surface of dome enterocyte. The lectin binding patterns of the four group were inconsistent. PSA (Fig. 3) and LCA showed negative staining for the surface of dome enterocyte, whereas these two lectins exhibited very faint focal labeling in the brush borders of villus enterocyte. ConA exhibited a moderate diffuse staining for the brush borders of villus enterocyte and the surface of dome enterocyte. In the fifth group, UEA-I showed negative staining for the surface of dome enterocyte but faint focal staining for the brush borders of villus enterocyte (Fig. 4) . In the sixth group, PHA-E and PHA-L, which have high affinity for oligosaccharide, showed more intense staining in the brush borders of villus enterocyte than in the surface of dome epithelium.
Remarkable quantitative differences exist for lectin binding between surface of dome enterocyte and of villus enterocyte. Three distinct binding patterns of staining were seen. First, lectins bind to dome enterocyte and villus enterocyte to approximately equal staining, i.e. DSL, WGA, s-WGA, and ConA. Second, lectins display a markedly higher affinity for villus enterocyte than dome enterocyte, i.e. DBA, SBA, RCA I, SJA, VVA, BSL II, LEL, PNA, Jacalin, and ECL. Third, lectins exhibit negative staining to dome enterocyte only, i.e. PSA, LCA, UEA-I, and STL. Since villus enterocytes are derived from the crypt enterocytes and build up a functionally specialized dome enterocytes [1, 17] , it is reasonable to suggest that these difference may be differentiation-related. These distinct lectin binding patterns between dome and villus enterocytes provide additional evidence of different functions between two enterocytes.
Distinct lectin-binding patterns between dome enterocyte and villus enterocytes has also been studied in rabbit and mouse intestines [7, 11] . According to these studies, UEA-I which has a specificity for alpha-L-fucose, may be useful Arachis hypogaea (peanut) PNA β-Gal Artocarpus integrifolia (Jacalin) Jacalin
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marker to differentiate glycoconjugate expression between dome enterocyte and villus enterocyte. UEA-I may be positive marker for dome enterocyte in mouse [7] , whereas it may be negative markers for dome enterocyte in rabbit [11] . In our data, PSA, LCA, UEA-I, and STL may be useful negative marker for dome enterocyte in the porcine small intestines. The staining patterns are slightly different among these negative markers. Three lectins, PSA, LCA, and UEA-I, are negative marker to differentiate dome enterocytes and villus enterocytes. But STL is also negative to dome epithelial surface and moderately positive to villus brush border. The lectins which have same nominal specificity for carbohydrates showed similar binding patterns. However, the staining patterns among lectin groups were slightly different. We have no explanation for this discrepancy, but other studies have shown that lectins of the same nominal specificity recognize different features of these complex carbohydrates [4, 8] .
Although pathologic processes could result in alterations of intestinal mucins [2] , no histologic lesions were observed in the small intestines of any of the pigs used in this study. No enteric pathogens were identified from small intestine. Because our pigs were commercially obtained, we did not have control over environmental or genetic factors that may influence the glycoconjugates in the intestines.
A distinctive glycoconjugate profile in the dome enterocytes of 3-week-old pig could play a role in specific targeting of microorganisms to M cells, since lectins on the surface of bacteria frequently mediate their adhesion to cells [15] . At present we have no information about the possible functional relevance of different glycoconjugate expression on dome enterocytes although it is possible that the sites may act as receptors to influence bacterial interaction with the M cells as previous studies [3, 5, 6, 14] . However, it is suggested that the present lectin-binding studies provide the marker of dome enterocyte as compared with villus enterocytes. Further study is needed to define the relationship between the varying function and glycoconjugate expression on the porcine dome enterocytes and villus enterocytes.
